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Abstract
Background: More than half of all antibiotic prescriptions in general practice are issued for respiratory
tract infections (RTIs), despite convincing evidence that many of these infections are caused by viruses.
Frequent misuse of antimicrobial agents is of great global health concern, as we face an emerging
worldwide threat of bacterial antibiotic resistance. There is an increasing need to identify determinants
and patterns of antibiotic prescribing, in order to identify where clinical practice can be improved.

Methods/Design: Approximately 80 peer continuing medical education (CME) groups in southern
Norway will be recruited to a cluster randomized trial. Participating groups will be randomized either to
an intervention- or a control group. A multifaceted intervention has been tailored, where key components
are educational outreach visits to the CME-groups, work-shops, audit and feedback. Prescription Peer
Academic Detailers (Rx-PADs), who are trained GPs, will conduct the educational outreach visits. During
these visits, evidence-based recommendations of antibiotic prescriptions for RTIs will be presented and
software will be handed out for installation in participants PCs, enabling collection of prescription data.
These data will subsequently be linked to corresponding data from the Norwegian Prescription Database
(NorPD). Individual feedback reports will be sent all participating GPs during and one year after the
intervention. Main outcomes are baseline proportion of inappropriate antibiotic prescriptions for RTIs and
change in prescription patterns compared to baseline one year after the initiation of the tailored pedagogic
intervention.

Discussion: Improvement of prescription patterns in medical practice is a challenging task. A thorough
evaluation of guidelines for antibiotic treatment in RTIs may impose important benefits, whereas
inappropriate prescribing entails substantial costs, as well as undesirable consequences like development
of antibiotic resistance. Our hypothesis is that an educational intervention program will be effective in
improving prescription patterns by reducing the total number of antibiotic prescriptions, as well as
reducing the amount of broad-spectrum antibiotics, with special emphasis on macrolides.
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Background
Acute respiratory tract infections (RTIs) are important tar-
gets for educational strategies aimed at reducing inappro-
priate prescriptions of antibiotics, because such infections
have a high prevalence in general practice [1], and because
antibiotics are commonly prescribed even for those ill-
nesses that have a predominantly viral etiology, such as
common colds and acute bronchitis [2-4].

Inappropriate use of antibiotics is of great public health
concern, both nationally and globally, because of its asso-
ciation with increased antibiotic resistance in the commu-
nity [5,6]. Bacterial strains that are increasingly resistant to
antimicrobial agents pose a severe health threat, and of
particular concern is community-acquired infections
caused by multi-drug-resistant Streptococcus pneumoniae
[7,8], macrolide-resistant Streptococcus pyogenes [9-11],
and methicillin-resistant Staphylococcus aureus [12,13].

Antimicrobial resistance is an increasing problem world-
wide, and several countries have implemented surveil-
lance systems in recent years. The Norwegian surveillance
program for antimicrobial resistance (NORM) was estab-
lished in 1999 and has reported yearly on the epidemiol-
ogy of antimicrobial resistance and the usage of
antimicrobial agents [14]. Antimicrobial susceptibility
data on common pathogens such as Klebsiella species,
Haemophilus influenzae, Staphylococcus aureus, and Strepto-
coccus pyogenes confirm that antimicrobial resistance is
still a limited problem in Norway [15]. This also applies
for the prevalence of macrolide-resistant Streptococcus
pneumoniae (MRSP), which has increased dramatically in
several European countries [16], but is still a relatively
limited problem in Northern Europe [17,18].

Low levels of antimicrobial resistance in Scandinavian
countries is probably due to relatively conservative anti-
microbial prescription patterns, compared to southern
Europe and USA [19]. Nevertheless, an increase in mac-
rolide resistance in Streptococcus pneumoniae blood culture
isolates has also been observed in Norway; from 2.4% in
2000, 4.8% in 2002 and 6.0% in 2003, to 9.7% in 2004
[14]. Macrolides are recommended as second-line alterna-
tives in the treatment of RTIs, because the prevalence of
non-penicillin-susceptible Streptococcus pneumoniae is
below 3% in Norway [20]. They are recommended only
for patients who are allergic to penicillin or are suspected
of having atypical pneumonia or pertussis. Thus, the
increase in MRSP is of clinical concern as well as public
health interest.

In Norway, more than 90% of all antibiotic prescriptions
are issued by general practitioners (GPs) [21], and 60% of
these prescriptions are issued as treatment for common
RTIs, for which the Norwegian national guidelines recom-

mend penicillin V as the drug of choice [22]. Generally,
the number of antibiotic prescriptions has raised with
more than 30% in Norway during the last two decades
[21].

Norwegian GPs' prescription patterns of antibiotics were
studied (1988–89) in the Norwegian county of Møre and
Romsdal [4,23], where more than 95% of the GPs in the
county participated in the survey. Of all RTIs, acute bron-
chitis, otitis, and upper respiratory tract infection were the
most frequently recorded diagnoses that prompted an
antibiotic prescription. Penicillin V was the most com-
monly prescribed antibiotic for patients suffering otitis,
upper respiratory tract infection, tonsillitis, and sinusitis,
whereas erythromycin and tetracyclines were most fre-
quently prescribed for lower RTIs [4]. Seven out of 10 chil-
dren (aged 0–12 years) who were prescribed an antibiotic,
received it as a result of a RTI [23]. More than eight out of
10 children who consulted a GP for sinusitis, tonsillitis,
acute bronchitis, or pneumonia were prescribed an antibi-
otic [23]. For ear infections, an antibiotic prescription was
given in 44% of all consultations, but this proportion
increased to 64% when follow-up contacts for this diag-
nosis were excluded [23]. Penicillin V was the most fre-
quently prescribed antibiotic for children with ear
infection, upper respiratory tract infection, tonsillitis,
sinusitis, and skin infections, whereas erythromycin was
given to a considerable proportion of those with bronchi-
tis or pneumonia [23].

Acute otitis media (AOM) is the most common bacterial
infection in children [24]. In the Western world, most
cases of AOM remit spontaneously and without complica-
tions [25]. The prevalence of antibiotic treatment for
AOM varies in different countries, between 31% in The
Netherlands and 98% in USA, Australia and New Zealand
[26]. In The Netherlands, treatment of symptoms without
antimicrobials has been adopted as the routine initial
treatment for otitis media, and this policy is associated
with decreased emergence of resistance among organisms
commonly found in AOM [27]. In a meta-analysis, Del
Mar et al. [28] concluded that early use of antibiotics pro-
vided only modest benefit for AOM, and that 17 children
with AOM must be treated with antibiotics in order to pre-
vent one child from experiencing pain 2–7 days after pres-
entation of symptoms. It is likely that AOM is the reason
for many unnecessary prescriptions for antibiotics, espe-
cially when broad-spectrum antibiotics are used [26]. In a
study from a Norwegian emergency department setting,
90% of 819 children (aged 1–15 years) with AOM
received treatment with antibiotics, and 18% of these pre-
scriptions where for antibiotics other than penicillin V
[29].
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Sinusitis represents a complicated and multifaceted group
of diseases that is generally classified into the categories of
acute and chronic [30]. The diagnosis of acute sinusitis in
GP settings is a challenging task [31], and although many
instances of acute sinusitis are of bacterial origin, most
cases are thought to be inflammatory rather than infec-
tious [30]. The issues of the pathogenesis and treatment of
sinusitis are ongoing areas of controversy and active inves-
tigation [30,31].

Steinman et al. [32] found that broad-spectrum antibiot-
ics were prescribed in more than half of all cases of RTIs in
adults, and that there was a wide variation in prescribing
of such agents among different groups of patients and
physicians, even after controlling for diagnosis and
comorbidities. In a large, cross-national database study of
antibiotic use and its associations with resistance, Goos-
sens et al. [33] investigated outpatient antibiotic use in 26
countries in Europe that provided internationally compa-
rable distribution or reimbursement data in the period
1997–2002, and found that prescription patterns varied
greatly; the highest rate was in France and the lowest was
in The Netherlands. A shift from the old narrow-spectrum
antibiotics to the new broad-spectrum antibiotics (like the
newer macrolides) were observed, as well as striking sea-
sonal fluctuations with winter peaks in countries with
high yearly use of antibiotics [33].

The use of macrolides for common airways infections
deviate from current Norwegian national guidelines
[34,35], and Brubakk and Bruun [36] underline that indi-
cations for macrolides in airway illnesses are limited to
infections with Bordetella pertussis and Mycoplasma pneu-
monia.

In outpatients, macrolide consumption is closely linked
to the development of streptococcal resistance. In Finland,
there was a steady and statistically significant decline in
erythromycin resistance among group A streptococcal iso-
lates from throat-swab and pus samples after a reduction
in the use of macrolide antibiotics in outpatient therapy
[37]. Evidence from Sweden and New Zealand also dem-
onstrate that a reduction in antibiotic use can be accom-
panied by a reduction in antibiotic resistance [38,39].

In a recent review issued by the Cochrane Collaboration,
Arroll [40] argues that antibiotics have only a limited role
in the treatment of AOM, sore throat, acute maxillary
sinusitis, common cold, and acute purulent rhinitis.
Except for radiologically proven acute maxillary sinusitis,
antibiotics are not recommended as initial treatment for
any of the conditions mentioned above [40].

Questions on validity and relevance of individual studies
that are summarized in systematic reviews may be

assessed differently by various reviewer groups, and may
explain why the guidelines from the Infectious Disease
Society of America (2002) recommend routine treatment
for otitis media [41], whereas the Cochrane review repre-
sent a more cautious line and remain consistent with the
older guidelines in not recommending antibiotics as a
first-line treatment [40].

Over the past decade, general practice prescribing of anti-
biotics to children has halved in England, and this reduc-
tion has not been associated with an increase in
admission to hospital for possible complications, like
peritonsillar abscess or rheumatic fever [42]. The decline
in use is due to a substantial reduction in prescriptions by
GPs [42]. After 1997, the proportion of prescriptions
taken to a pharmacist also declined, possibly indicating
that GPs were adopting the "delayed prescribing" policy
(issuing prescriptions with advice to parents to wait and
see if their child's condition improved spontaneously)
that was introduced after widespread dissemination of
trial results supporting this practice [43].

An important aspect in the strategy of "delayed prescrip-
tions" is the necessary management of patients' requests
for specific treatments. Evidence suggests that a majority
of patients feel that antibiotics are an appropriate treat-
ment for a wide range of respiratory tract symptoms, and
that doctors will prescribe antibiotics for them [44],
despite convincing evidence of only limited antibiotic
benefit for such conditions [25,40,45-53].

The first evidence of benefit from a randomized trial of
delayed prescriptions for respiratory infections came from
a trial of antibiotics for acute sore throat carried out by Lit-
tle et al. [46], who gave either a prescription for antibiotics
to be filled immediately, or one to be filled after three
days, or no prescription for antibiotics. The "immediate
group" consumed 99% of the antibiotic prescriptions,
while the "delayed group" used only 31% with no appar-
ent negative medical consequences [46]. In an other
report, Little et al. [54] found evidence that both current
and previous antibiotic prescribing for sore throat
increased reattendance, and argues that doctors should
avoid antibiotics or offer a delayed prescription for most
patients with sore throat, in order to avoid medicalising a
self-limiting illness.

Both Norwegian [55] and Danish [56] studies show great
variation in GPs' prescription patterns for RTIs, and dem-
onstrate a lack of adherence to current guidelines [21].
The potential for improvements are important, because
community-wide antibiotic resistance reduces the effec-
tiveness of currently available drugs to combat bacterial
pathogens, and increases the individual patient's risk of
becoming infected with drug-resistant organisms [57-59].
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Previous studies have shown benefit from targeted educa-
tional intervention strategies towards GPs. Coenen et al.
[60] reported that an (inter)actively delivered tailored
intervention implementing a guideline for acute cough in
a GP setting was successful for optimizing antibiotic pre-
scribing without affecting patients' symptom resolution.
Munck et al. [61] reported that a tailored audit of Danish
GPs' antibiotic prescriptions for RTIs through the Audit
Project Odense (APO), resulted in a reduction in prescribed
antibiotics, and that the large share proportion of broad-
spectrum antibiotics was shifted to penicillin. The inter-
vention effect in this study was significant, even two years
after the intervention [61].

Welschen et al. [62] conducted a randomized controlled
trial aimed at reducing antibiotic prescription rates for
RTIs in primary care. The intervention included; a) group
education meetings with consensus procedures and com-
munication skills training, monitoring, and feedback on
prescribing behaviour for GPs; b) group education for
GPs' assistants and for pharmacists; and c) education
materials for patients. At baseline, antibiotic prescription
rates for RTIs were almost similar in the intervention and
the control groups (27% and 29% respectively). Follow-
ing the intervention, the prescribing rate in the interven-
tion group fell to 23%, whereas it increased to 37% in the
control group (mean difference of change; – 12%). The
intervention did not influence patients' satisfaction or
hospital referral rates [62].

Flottorp et al. [63] conducted a multifaceted intervention
in 142 general practices to improve the management of
urinary tract infections (in women), and sore throat. The
intervention was based on patient educational material,
computer based decision support and reminders, an
increase in the fee for telephone consultations, and inter-
active courses for general practitioners and practice assist-
ants. In this study patients in the sore throat group were
3% less likely to receive antibiotics after the intervention,
compared to the control group [63].

In the Norwegian Møre & Romsdal Prescription Study, Roks-
tad et al. [64] performed a controlled educational inter-
vention towards GPs, aimed at improving prescriptions
for acute cystitis and insomnia. Their intervention
included mailed prescription feedback along with printed
therapeutic recommendations, and resulted in statistical
significant (although clinically moderate) improvements
in prescription patterns in the intervention group (GPs in
one district), compared to the control group (GPs in
another district) [64].

Eisenberg [65] has suggested that the core principle of
effective feedback is individualized feedback with infor-
mation on behaviour compared with specific standards: It

seems as if such feedback is more effective when delivered
face-to-face [65,66].

The results of evaluations of interventions to improve
clinical practice vary and large effects are rarely seen
[67,68]. Several educational strategies have been used.
Davies et al. [69] reviewed 777 continuous medical edu-
cation (CME) studies and found evidence that educa-
tional intervention consisting of passive dissemination of
clinical practice guidelines had only little or no effects on
practice. This corresponds with later reports by Oxman et
al. [70] and Freemantle et al. [71]. Other, more active
strategies, like educational outreach visits [72] and multi-
faceted interventions [67], are more effective, but will gen-
erally require more resources [67]. Soumerai et al. [73]
reviewed educational methods for improving prescribing
in primary care, and examined the approaches of feedback
to prescribers, mailed-out educational material, group
education and educational outreach (academic detailing),
with educational outreach having the largest impact [66].
In an extensive review, Jamtvedt et al. [74] concluded that
audit and feedback may be effective for improving profes-
sional medical practice, although the effects are generally
small to moderate. Absolute effects of audit and feedback
are more likely to be large when baseline adherence to rec-
ommended practice is low [74].

Underlying reasons for deviations between clinical prac-
tice and clinical guidelines vary from one problem to
another and from one physician to another [70]. There-
fore, it is recommended to address potential barriers to
change when tailoring an intervention targeting change in
medical performance. Because non-equivalent compari-
son groups may distort the results of evaluations, cluster-
randomized trials (in which healthcare professionals or
groups of professionals, rather than patients are rand-
omized) are more likely to provide valid results than other
research designs, such as controlled before-after or time-
series studies [75].

Objectives
The primary objective of this trial is to evaluate the effects
of a tailored intervention towards Norwegian GPs for a
more rational approach to antibiotic prescriptions for
RTIs. Our hypothesis is that an educational intervention
program carried out during a 6-month period will be
effective in improving prescribing patterns by reducing
the total number of antibiotic prescriptions, as well as
reducing the relative amount of broad-spectrum antibiot-
ics, with special emphasis on macrolides. Degree of
improvement will be measured by prevalence of specific
antibiotic prescriptions and the combination of particular
antibiotic prescriptions and selected diagnostic codes,
according to the International Classification of Primary
Care (ICPC-2) [76]. Secondary objectives are to estimate
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the agreement between prescribed and actually dispensed
drugs, the latter based on dispensed drugs recorded in the
Norwegian Prescription Database (NorPD), a national
registry including data for all prescription drugs issued at
Norwegian pharmacies, established in 2004 [77]. We will
also explore effect of "delayed prescriptions" on the anti-
biotic prescription patterns.

Methods/Design
Our main hypothesis will be tested using a cluster-rand-
omized controlled trial comparing outcomes between the
intervention and control groups at follow-up. The clusters
are existing peer CME groups, comprised by GP special-
ists. These groups of GPs will be randomized to receive a
tailored intervention to support a more rational antibiotic
prescribing for RTIs, or to a control group.

Prescription data will be collected for all eligible patients
from intervention and control groups at baseline and one
year after the initiation of the trial.

Participants
In Norway, specialists in general practice must renew their
clinical specialty every five years. In this renewal process,
participation in a number of peer CME group meetings are
compulsory, in order to stimulate a continuously medical
education and reflection.

GP's in the same practice usually attend the same peer
group, according to information from the Norwegian
Medical Association. All peer groups (approximately 250)
on average consisting of seven to eight colleagues located
in the southern part of Norway, will be invited to partici-
pate in this trial. Our aim is to recruit approximately 80
peer groups or more to the current trial. Participating prac-
titioners using one of four major electronic patient record
(EPR) systems (Infodoc®, WinMed®, ProfDoc Vision® or
System X®) are eligible for the trial. More than nine out of
ten of Norwegian general practices use one of these four
EPRs, which are used routinely during consultations with
patients [78].

Intervention
We have developed an intervention through a process of
identifying inappropriate prescriptions of antibiotics for
RTIs; either as particular drugs, or drugs linked to specific
diagnosis. Identification of irrational antibiotic treatment

is based on guidelines on antibiotic prescriptions issued
by The Norwegian Board of Health 2000 [35]. This guide-
line was distributed to all Norwegian GPs in 2000 and is
also available on the Internet. Examples of suboptimal
antibiotic prescribing according to this guideline are listed
in Table 1.

In order to implement a more rational prescribing, 13 GPs
will be recruited as tutors, each with responsibility for the
intervention in three peer CME groups. Each tutor, named
Prescription Peer Academic Detailer (Rx-PAD), will
receive a four days' pre-study training program, focusing
on the evidence of antibiotic treatment of RTI, pedagogi-
cal intervention techniques, and how to install and use
the data-software program for data collection. When
recruiting Rx-PADs, emphasis is also laid on the economic
independence from any pharmaceutical manufacturers.

The tailored intervention towards the GPs in the peer
groups will include two educational outreach visits, both
performed by the same Rx-PAD. The elements of the inter-
vention are discussions within the peer group, collection
of individual prescription data, audit based on individual
feedback reports, as well as a one day regional work-shop,
see Figure 1.

In the first outreach visit, the main elements of the inter-
vention will be presented, with special emphasis on evi-
dence-based prescription of antibiotics for RTIs in out-
patients, choice of first-line drugs, and treatment goals.
During the visit, a software package will be delivered to
each participant, for installation on own practice compu-
ter with EPR. This enables the participants to extract indi-
vidual data from the preceding 12-month period. These
data will be used for feedback reports and comprise the
baseline data used in this study. For two of the four EPR
systems (WinMed® and ProfDoc Vision®), the software
package will also include computerized "pop-ups" on the
computer screen when antibiotics are prescribed, in order
to mark prescriptions as either "regular" (to be dispensed
immediately) or "delayed" (to be dispensed in n days)
(Figure 2). Data from these "pop-ups" will be integrated
in the second data extraction, and will represent a separate
factor in the subsequent data analyses. These two EPR sys-
tems are probably used by more than half of all GPs
involved in this study. Prescription data will be collected
on diskettes and analyzed by research staff, followed by an

Table 1: Examples of inappropriate antibiotic prescription patterns according to guidelines by The Norwegian Board of Health 2000

Uncomplicated acute otitis media (AOM) in children > 1 year of age with symptoms < 3 days
Acute sinusitis with moderate symptoms < 7 days
Acute tonsillitis without positive indication of infection caused by group A Streptococcus
Acute bronchitis (except verified infections caused by Mycoplasma pneumonia or Chlamydia pneumonia)
Use of broad spectrum antibiotics where penicillin V could be prescribed
Page 5 of 12
(page number not for citation purposes)



BMC Health Services Research 2006, 6:75 http://www.biomedcentral.com/1472-6963/6/75

Page 6 of 12
(page number not for citation purposes)

Flow of practices through The Rx-PAD StudyFigure 1
Flow of practices through The Rx-PAD Study. *Electronic Patient Record, **Norwegian Prescription Database, ***Pre-
scription Peer Academic Detailer
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individual prescription report, which will be mailed to
each participant.

The second outreach visit, which will take place within
two months after the first visit, focus on the newly
revealed prescription patterns. Rx-PADs will facilitate the
discussion within the peer groups, based on individual
feedback reports, enabling participants to compare own
prescription patterns with overall averages. This will trig-
ger discussion within the peer group, aimed at critical
reflection towards own prescription strategies for RTIs and
the disclosure of areas where individual improvements
are desirable and possible.

About three months after the second outreach visit, all
participants will be gathered in regional work-shops
where evidence-based rationale behind pharmacological
treatment of RTIs in out-patients will be outlined in more
depth on the basis of baseline prescription data. Twelve
months after the first data extraction, a second data extrac-
tion of the GPs' prescribings for the preceding 12-months
period will be undertaken and new individual reports will
be sent to the participants.

Data handling
Software aimed at extracting predefined data sets will be
developed for this trial. The software will be compatible
with the four EPRs (Infodoc®, WinMed®, ProfDoc Vision®

or System X®) used by the large majority of Norwegian
GPs. The dataset from each individual GP will provide

information on number of patient appointments, and
main diagnosis linked to each appointment with patients
with a respiratory tract infection. Diagnosis will be based
on the International Classification of Primary Care (ICPC-
2) [76]. Extracted data will also contain drug prescription
details, described in terms of The Anatomical, Therapeu-
tic, Chemical (ATC) classification system with Defined
Daily Doses (DDDs), in short: The ATC/DDD system
[79].

In order to merge prescription data provided by NorPD
with data from the EPR systems, the Civil Personal Regis-
tration (CPR) number for each patient will be extracted
from the EPR. These are the unique identification num-
bers for Norwegian citizens, and will be deleted from the
research database after the record linkage has been per-
formed. The dataset from NorPD will provide data on
drugs actually dispensed.

Extracted data from each EPR will be encrypted, stored on
a diskette and mailed to the principal researcher. A flow-
chart of the data collection is summarized in Figure 3.

Outcome measures
Primary outcome measures will be changes in prescrip-
tion patterns after the tailored educational intervention in
terms of prescriptions for antibiotics in out-patients with
RTIs. The intervention will include the option of "delayed
prescriptions". Following the intervention, prescription
data will be collected one year after the first (baseline)
gathering of prescription data. Change in prescription pat-
terns in the intervention group will be compared with the
non-intervention control group, and with a sample of
Norwegian GPs not included in the current trial. The latter
data will be provided by the NorPD. Outcome measures
are summarized in Table 2.

Pilot study
The prescription data extraction procedures and the two
peer group visits will be piloted in one peer CME group,
before the main trial.

Recruitment and randomization
Block-randomization of peer CME groups will be done
within geographical strata, each comprised of one or more
counties. The size of the blocks will vary according to the
number of recruited groups within each stratum. An inde-
pendent researcher not involved in the study will be
responsible for the randomization. Based on this rand-
omization, peer groups will be assigned to either the inter-
vention group or to the control group.

Ethics and data security
Physicians participating in the peer CME groups will be
given information about the objectives of the study and

Example of pop-up on physician's computer screenFigure 2
Example of pop-up on physician's computer screen. 
The pop-up appears when the physician is about to prescribe 
antibiotics for a respiratory tract infection (RTI), and enables 
the physician to decide whether the prescription is 1) to be 
dispensed immediately or 2) to be dispensed in a specified 
number of days, with advice to the patient to wait and see if 
the condition improves spontaneously, so-called "delayed 
prescription". Type of prescription and recommended delay 
(n days) for delayed prescriptions will be registered in the 
study software installed in the physicians computer and ana-
lysed by research staff.
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the practical impact it may have on their practice. They
will be told that each peer CME group will be randomized
to one out of two interventions (improved antibiotic pre-
scriptions for RTIs or improved prescription patterns in
elderly ≥ 70 years), and that they will serve as control
group for the intervention they do not take part in. Partic-
ipation is based on written informed consent from all
physicians. The project has been presented for The
Regional Committee for Research Ethics and approval
from The Norwegian Social Science Data Services (NSD)
has been obtained, implicating acceptance to extract pre-
scription data. In order to use patient identification data
in the merging process between NorPD and EPR data-
bases, The Directorate for Health and Social Affairs has
approved dispensation from the health-professional
secrecy.

Sample size and statistics
A prevalence of 27% of inappropriate prescriptions of
antibiotics for RTIs in general practice settings were found
in two previous studies; one from Norway [80] and one
from The Netherlands [62]. In accordance with these find-
ings [62,80], we anticipate a baseline prevalence of inap-
propriate prescription of antibiotics for RTIs of 27% in the
present study.

Flottorp et al. [63] demonstrated a 3% reduction of inap-
propriate antibiotic prescription for sore throat in a tai-
lored intervention in general practice settings. This
intervention was not, however, based on peer CME
groups. This was considerably less than the 12% reduction
(absolute value) of antibiotic prescription rates for RTIs

Logistics of data collectionFigure 3
Logistics of data collection. Flow-chart of merging process of prescription data provided by the Norwegian Prescription 
Database (NorPD) and data from the electronic patient record (EPR) systems. Patients' Civil Personal Registration (CPR) num-
bers are unique Norwegian residents' identification keys. Health Personnel Registration (HPR) numbers are unique Norwegian 
health personnel registration keys. Identifiable data will be deleted from the research database when the merge is completed, 
as the de-identified personal IDs will be sufficient for the subsequent data analysis. Statistics Norway, which is the public insti-
tution in Norway responsible for collecting, analyzing and disseminating official statistics, will provide CPR and HPR pseudo-
nyms making it possible to merge the two data sources.

Data flowchart
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found by Welschen et al. [62], in a peer group interven-
tion trial.

In the present study we will consider a reduction of inap-
propriate prescriptions for RTIs by one third to be clini-
cally significant. Assuming that the prevalence of
inappropriate prescriptions in the control group remains
constant, this equals a reduction from a baseline level of
27% to a post-intervention level of 18% or less (9% abso-
lute reduction; 33% relative reduction).

The sample size calculation needs to take into account
and adjust for intra-cluster (peer group) correlation, since
the data within peer groups cannot be considered inde-
pendent. The intra-cluster correlation is assumed to be
0.085, based on data from previous studies [63,78]. Fur-
thermore, we expect an average of 7 participating doctors
per peer group (allowing for some withdrawal) and an
average of 300 cases of RTIs per GP during the interven-
tion period, amounting to a total of 2100 cases per cluster.
The variance inflation factor [81], used to correct the sam-
ple size, was therefore 179.

Based on these figures and applying an 80% power level
and a 5% statistical significance level, we estimate an
intervention sample size requirement of 31 peer CME
groups and a corresponding number of control groups.

We will carry out post-test comparisons between the inter-
vention and control group using cluster-adjusted chi-
square and t-tests. Analysis of covariance may be used to

adjust for imbalance of baseline levels between the inter-
vention- and control-groups [82]. The data set will prima-
rily be analysed according to the cluster-randomization,
however, analyses at physician- and sub-groups of physi-
cians will also be performed, based on individual patients'
data.

Discussion
A thorough evaluation of the diagnostic indications for
antibiotic treatment of RTIs may impose important bene-
fits, whereas inappropriate prescribing may lead to unde-
sirable consequences like the development of antibiotic
resistance. We have therefore developed an intervention
aimed at supporting the implementation of more rational
antibiotic prescribing patterns for RTIs in GP settings and
planned a trial to assess the effectiveness of this interven-
tion.

The control group in this study will not receive any inter-
vention towards prescriptions of antibiotics, but will be
assigned to another drug prescription trial, where they
will recieve an educational intervention for improving
their prescribing (other than antibiotics) for elderly out-
patients ≥ 70 years [83]. As such, the control group may be
susceptible to changes in their general prescription pat-
terns, i.e. a possible Hawthorne effect. To control for this,
we will be able to analyze prescription patterns for all Nor-
wegian GPs not included in the current trial, using data
from the NorPD [77]. These data, however, will not be
linked to diagnoses, and the comparison will therefore be
performed on total prescription of the different antibiot-

Table 2: Outcome measures in study of the effect of a pedagogic intervention towards groups of Norwegian GPs, concerning antibiotic 
prescription for respiratory tract infections (RTIs)

Baseline data collected during one year:
Proportion of consultations with antibiotic prescription of all consultations with respiratory tract diagnoses
Proportion of consultations with antibiotic prescription of consultations with specified RTIs
Proportion of consultations with narrow-spectrum antibiotic prescription of all antibiotic prescription
Predictors for high and low antibiotic prescription

Change as measured one year after pedagogic intervention:
Change in total antibiotic prescription for respiratory tract diagnoses
Change in proportion of consultations with antibiotic prescription of all consultations with respiratory tract diagnoses
Change in proportion of consultations with antibiotic prescription of consultations specified RTIs
Change in proportion of consultations with narrow-spectrum antibiotic prescription of all antibiotic prescription
Predictors for change in total antibiotic prescription and proportion narrow-spectrum antibiotics

Use of delayed prescriptions:
Proportion of use of delayed prescriptions by all antibiotic prescriptions for respiratory tract diagnoses
Proportion of use of delayed prescriptions by antibiotic prescriptions for specified respiratory tract diagnoses
Predictors for high/low use of delayed prescriptions
Comparisons between antibiotic prescriptions and data from the Norwegian Prescription Database (NorPD)
Proportion and delay of dispensed antibiotic prescriptions compared to prescribed antibiotics

Refund of antibiotics:
Proportion of antibiotics prescribed with full refund
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ics, except those exclusively used for urinary tract infec-
tions.

To assure a highest possible response rate from the partic-
ipating GPs, we will provide technical telephone support
during the data collection period. Furthermore, the partic-
ipants must provide data to receive an individual feedback
report. Also, the Rx-PAD will remind their group partici-
pants to send in data sets before the second peer group
meeting.

Because the aim of this study is to improve quality accord-
ing to good clinical practice, the study is not likely to
imply risks or impaired quality of care for the patients
involved. The risk of data-misuse is limited due the fact
that the research database will only be linked to de-iden-
tified patient ID numbers.

The estimated ICC-value, which will be used in the statis-
tical analyses, reflects the three different levels of cluster-
ing; each participating doctor, each clinic, and each peer
CME group. Our ability to establish an exact ICC-value is
limited, due to few comparable studies.

A reduction of inappropriate prescriptions by one third
compared to the baseline figures may seem too optimistic.
However, in the light of a previous study [62], we still
believe that this is a realistic goal.

Competing interests
SG has interests in Mediata Ltd, the company developing
software for the project. The other authors declare that
they have no competing interests.

Authors' contributions
ML and JS had the original idea for the study. SG, ML and
JS prepared the initial draft of the study protocol. All
authors have participated in the planning of the study. AF
prepared the manuscript in cooperation with all authors,
who have all approved the final version of this manu-
script.

Acknowledgements
Atle Fretheim and Signe Flottorp from the Norwegian Knowledge Centre 
for the Health Services, Hanne Strøm and Kari Furu from the NorPD and 
Trine Bjørner from the Department of General Practice and Community 
Medicine provided important input during the planning of the study.

References
1. Huchon GJ, Gialdroni-Grassi G, Leophonte P, Manresa F, Schaberg T,

Woodhead M: Initial antibiotic therapy for lower respiratory
tract infection in the community: a European survey.  Eur
Respir J 1996, 9:1590-1595.

2. O'Brien KL, Dowell SF, Schwartz B, Marcy SM, Phillips WR, Gerber
MA: Cough illness/bronchitis: principles of judicious use of
antimicrobial agents.  Pediatrics 1998, 101:S178-181.

3. Rosenstein N, Phillips WR, Gerber MA, Marcy M, Schwartz B, Dowell
SF: The common cold - pinciples of judicious use of microbial
agents.  Pediatrics 1998, 101:S181-184.

4. Straand J, Rokstad KS, Sandvik H: Prescribing systemic antibiot-
ics in general practice. A report from the More & Romsdal
Prescription Study.  Scand J Prim Health Care 1998, 16:121-127.

5. Schappert SM: Ambulatory care visits of physician offices, hos-
pital outpatient departments, and emergency departments:
United States, 1995.  Vital Health Stat 13 1997:1-38.

6. McCaig LF, Hughes JM: Trends in antimicrobial drug prescribing
among office-based physicians in the United States.  Jama
1995, 273:214-219.

7. Gonzales R, Steiner JF, Sande MA: Antibiotic prescribing for
adults with colds, upper respiratory tract infections, and
bronchitis by ambulatory care physicians.  Jama 1997,
278:901-904.

8. Gonzales R, Maselli J, Sande MA: Trends in antimicrobial treat-
ment of acute respiratory tract infections by United States
primary care physicians 1994-1999.  J Gen Intern Med 2001, 16
(suppl):196-197.

9. Gonzales R, Malone D, Sande MA: Estimating the amount and
cost of ideal and excess antibiotic use for acute respiratory
tract infections in the United States.  Clin Infect Dis
2001:757-762.

10. Gonzales R, Steiner JF, Lum A, Barrett PHJ: Decreasing antibiotic
use in ambulatory practice: impact of a multidimensional
intervention on the treatment of uncomplicated acute bron-
chitis in adults.  Jama 1999, 281:1512-1519.

11. Finkelstein JA, Davis RL, Dowell SF, Metlay JP, Soumerai SB, Rifas-Shi-
man SL, Higham M, Miller Z, Miroshnik I, Pedan A, Platt R: Reducing
antibiotic use in children: a randomized trial in 12 practices.
Pediatrics 2001, 108:1-7.

12. Poses RM, Cebul RD, Wigton RS: You can lead a horse to water-
-improving physicians' knowledge of probabilities may not
affect their decisions.  Med Decis Making 1995, 15:65-75.

13. Mainous AG, Hueston WJ, Love MM, Evans ME, Finger R: An evalu-
ation of statewide strategies to reduce antibiotic overuse.
Fam Med 2000, 32:22-29.

14. NORM: .  , University Hospital of Northern Norway; 2005. 
15. NORM: NORM/NORM-VET report 2002. Consumption of

antimicrobial agents and occurence of antimicrobial resist-
ance in Norway.  Tromsø/Oslo, Norwegian Zoonosis Centra;
2003. 

16. Felmingham D, Reinert RR, Hirakata Y, Rodloff A: Increasing prev-
alence of antimicrobial resistance among isolates of Strepto-
coccus pneumoniae from the PROTEKT surveillance study,
and compatative in vitro activity of the ketolide, telithromy-
cin.  J Antimicrob Chemother 2002, 50 Suppl S1:25-37.

17. Pihlajamaki M, Jalava J, Huovinen P, Kotilainen P: Antimicrobial
resistance of invasive pneumococci in Finland in 1999-2000.
Antimicrob Agents Chemother 2003, 47:1832-1835.

18. Reinert RR, Al-Lahham A, Lemperle M, Tenholte C, Briefs C, Haupts
S, Gerards HH, Lutticken R: Emergence of macrolide and peni-
cillin resistance among invasive pneumococcal isolates in
Germany.  J Antimicrob Chemother 2002, 49:61-68.

19. Lindbaek M, Berild D, Straand J, Hjortdahl P: Influence of prescrip-
tion patterns in general practice on anti-microbial resistance
in Norway.  Br J Gen Pract 1999, 49:436-440.

20. Littauer P, Sangvik M, Caugant DA, Hoiby EA, Simonsen GS, Sundsf-
jord A: Molecular epidemiology of macrolide-resistant iso-
lates of Streptococcus pneumoniae collected from blood and
respiratory specimens in Norway.  J Clin Microbiol 2005,
43:2125-2132.

21. Berild D, Lindbaek M: [Are too many antibiotics prescribed to
Norwegian children?].  Tidsskr Nor Laegeforen 2002, 122:2690.

22. Vennerød AM: Norsk Legemiddelhåndbok 1998-1999 for
helsepersonell (Norwegian drug and therapeutic formulary
for health personnel 1998-1999).  Oslo, Norsk Legemiddelhånd-
bok I/S; 1998. 

23. Straand J, Rokstad K, Heggedal U: Drug prescribing for children
in general practice. A report from the More & Romsdal Pre-
scription Study.  Acta Paediatr 1998, 87:218-224.

24. Leibovitz E: Acute otitis media in pediatric medicine: current
issues in epidemiology, diagnosis, and management.  Paediatr
Drugs 2003, 5 Suppl 1:1-12.
Page 10 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8866577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8866577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9689692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9689692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9689692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7807660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7807660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9302241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9302241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9302241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11512079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11512079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11512079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11433046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11433046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7898300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7898300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7898300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10645510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10645510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12239226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12239226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12239226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12760855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12760855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10562741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10562741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10562741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15872231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15872231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15872231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12523084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12523084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9512212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9512212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9512212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14632101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14632101


BMC Health Services Research 2006, 6:75 http://www.biomedcentral.com/1472-6963/6/75
25. Glasziou PP, Del Mar CB, Sanders SL, Hayem M: Antibiotics for
acute otitis media in children.  Cochrane Database Syst Rev
2004:CD000219.

26. Woolley SL, Smith DR: Acute otitis media in children--there are
guidelines but are they followed?  J Laryngol Otol 2005,
119:524-528.

27. Froom J, Culpepper L, Jacobs M, DeMelker RA, Green LA, van
Buchem L, Grob P, Heeren T: Antimicrobials for acute otitis
media? A review from the International Primary Care Net-
work.  Bmj 1997, 315:98-102.

28. Del Mar C, Glasziou P, Hayem M: Are antibiotics indicated as ini-
tial treatment for children with acute otitis media? A meta-
analysis.  Bmj 1997, 314:1526-1529.

29. Smabrekke L, Berild D, Giaever A, Myrbakk T, Fuskevag A, Ericson JU,
Flaegstad T, Olsvik O, Ringertz SH: Educational intervention for
parents and healthcare providers leads to reduced antibiotic
use in acute otitis media.  Scand J Infect Dis 2002, 34:657-659.

30. Wright ED, Frenkiel S: Infectious adult rhinosinusitis: etiology,
diagnosis, and management principles.  J Otolaryngol 2005, 34
Suppl 1:S7-13.

31. Lindbaek M, Hjortdahl P, Johnsen UL: Use of symptoms, signs,
and blood tests to diagnose acute sinus infections in primary
care: comparison with computed tomography.  Fam Med 1996,
28:183-188.

32. Steinman MA, Landefeld CS, Gonzales R: Predictors of broad-
spectrum antibiotic prescribing for acute respiratory tract
infections in adult primary care.  Jama 2003, 289:719-725.

33. Goossens H, Ferech M, Vander Stichele R, Elseviers M: Outpatient
antibiotic use in Europe and association with resistance: a
cross-national database study.  Lancet 2005, 365:579-587.

34. Winther F: Sykdommer i øvre luftveier, øre, munn og svelg.  In
Norsk Legemiddelhåndbok 2001 for helsepersonell (Norwegian drug and
therapeutic formulary for health personnel 2001) Oslo, Norsk Legemid-
delhåndbok; 2001. 

35. Antibiotikabehandling i allmennpraksis.  Oslo, Norwegian
Board of Health; 2000. 

36. Brubakk O, Bruun JN: [When should macrolides be used in
upper respiratory tract infections?].  Tidsskr Nor Laegeforen
2004, 124:495-496.

37. Seppala H, Klaukka T, Vuopio-Varkila J, Muotiala A, Helenius H, Lager
K, Huovinen P: The effect of changes in the consumption of
macrolide antibiotics on erythromycin resistance in group A
streptococci in Finland. Finnish Study Group for Antimicro-
bial Resistance.  N Engl J Med 1997, 337:441-446.

38. Molstad S, Cars O: Major change in the use of antibiotics fol-
lowing a national programme: Swedish Strategic Pro-
gramme for the Rational Use of Antimicrobial Agents and
Surveillance of Resistance (STRAMA).  Scand J Infect Dis 1999,
31:191-195.

39. Hefferman H: Annual summaries bacteriology.  Lablink 2002:9.
40. Arroll B: Antibiotics for upper respiratory tract infections: an

overview of Cochrane reviews.  Respir Med 2005, 99:255-261.
41. IDSA: .  , Infectious Diseases Society of America; 2002. 
42. Sharland M, Kendall H, Yeates D, Randall A, Hughes G, Glasziou P,

Mant D: Antibiotic prescribing in general practice and hospi-
tal admissions for peritonsillar abscess, mastoiditis, and
rheumatic fever in children: time trend analysis.  Bmj 2005,
331:328-329.

43. Arroll B, Kenealy T, Kerse N: Do delayed prescriptions reduce
antibiotic use in respiratory tract infections? A systematic
review.  Br J Gen Pract 2003, 53:871-877.

44. Couchman GR, Rascoe TG, Forjuoh SN: Back-up antibiotic pre-
scriptions for common respiratory symptoms. Patient satis-
faction and fill rates.  J Fam Pract 2000, 49:907-913.

45. Becker L, Glazier R, McIsaac W, Smucny J: Antibiotics for acute
bronchitis.  Cochrane Database Syst Rev 2000:CD000245.

46. Little P, Williamson I, Warner G, Gould C, Gantley M, Kinmonth AL:
Open randomised trial of prescribing strategies in managing
sore throat.  Bmj 1997, 314:722-727.

47. Bent S, Saint S, Vittinghoff E, Grady D: Antibiotics in acute bron-
chitis: a meta-analysis.  Am J Med 1999, 107:62-67.

48. Fahey T, Stocks N, Thomas T: Quantitative systematic review of
randomised controlled trials comparing antibiotic with pla-
cebo for acute cough in adults.  Bmj 1998, 316:906-910.

49. Arroll B, Kenealy T: Antibiotics for the common cold and acute
purulent rhinitis.  Cochrane Database Syst Rev 2005:CD000247.

50. Myrbakk T, Giaever A, Olsvik O, Flaegstad T: [Antibiotic treat-
ment of acute otitis in children].  Tidsskr Nor Laegeforen 1999,
119:2649-2652.

51. Del Mar C, Glasziou P: Sore throat.  Clin Evid 2004:2079-2087.
52. van Buchem FL, Knottnerus JA, Schrijnemaekers VJ, Peeters MF: Pri-

mary-care-based randomised placebo-controlled trial of
antibiotic treatment in acute maxillary sinusitis.  Lancet 1997,
349:683-687.

53. Melbye H, Berdal BP: [Acute bronchitis in adults. Clinical find-
ings, microorganisms and use of antibiotics].  Tidsskr Nor Laege-
foren 1994, 114:814-817.

54. Little P, Gould C, Williamson I, Warner G, Gantley M, Kinmonth AL:
Reattendance and complications in a randomised trial of
prescribing strategies for sore throat: the medicalising effect
of prescribing antibiotics.  Bmj 1997, 315:350-352.

55. Kjosavik SR, Stevenson B: Antibiotikaforskrivning i Sandnes og
Gjesdal.  , Rogalandsforskning; 1999. 

56. Steffensen FH, Schonheyder HC, Sorensen HT: High prescribers of
antibiotics among general practitioners--relation to pre-
scribing habits of other drugs and use of microbiological
diagnostics.  Scand J Infect Dis 1997, 29:409-413.

57. Austin DJ, Kristinsson KG, Anderson RM: The relationship
between the volume of antimicrobial consumption in human
communities and the frequency of resistance.  Proc Natl Acad
Sci U S A 1999, 96:1152-1156.

58. Arnold KE, Leggiadro RJ, Breiman RF, Lipman HB, Schwartz B, Apple-
ton MA, Cleveland KO, Szeto HC, Hill BC, Tenover FC, Elliott JA,
Facklam RR: Risk factors for carriage of drug-resistant Strep-
tococcus pneumoniae among children in Memphis, Tennes-
see.  J Pediatr 1996, 128:757-764.

59. Lipsitch M: Measuring and interpreting associations between
antibiotic use and penicillin resistance in Streptococcus
pneumoniae.  Clin Infect Dis 2001, 32:1044-1054.

60. Coenen S, Van Royen P, Michiels B, Denekens J: Optimizing antibi-
otic prescribing for acute cough in general practice: a clus-
ter-randomized controlled trial.  J Antimicrob Chemother 2004,
54:661-672.

61. Munck AP, Gahrn-Hansen B, Sogaard P, Sogaard J: Long-lasting
improvement in general practitioners' prescribing of antibi-
otics by means of medical audit.  Scand J Prim Health Care 1999,
17:185-190.

62. Welschen I, Kuyvenhoven MM, Hoes AW, Verheij TJ: Effectiveness
of a multiple intervention to reduce antibiotic prescribing
for respiratory tract symptoms in primary care: randomised
controlled trial.  Bmj 2004, 329:431.

63. Flottorp S, Oxman AD, Havelsrud K, Treweek S, Herrin J: Cluster
randomised controlled trial of tailored interventions to
improve the management of urinary tract infections in
women and sore throat.  Bmj 2002, 325:367.

64. Rokstad K, Straand J, Fugelli P: Can drug treatment be improved
by feedback on prescribing profiles combined with therapeu-
tic recommendations? A prospective, controlled trial in gen-
eral practice.  J Clin Epidemiol 1995, 48:1061-1068.

65. Eisenberg JM: Doctors' Decisions and the Cost of Medical
Care: The Reasons for Doctors' Practice Patterns and Ways
to Change Them.  Ann Arbor : MI : Health Administration Press ;
1986. 

66. Soumerai SB, Avorn J: Principles of educational outreach ('aca-
demic detailing') to improve clinical decision making.  Jama
1990, 263:549-556.

67. Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, Bero L, Grilli
R, Harvey E, Oxman A, O'Brien MA: Changing provider behavior:
an overview of systematic reviews of interventions.  Med Care
2001, 39:II2-45.

68. Oxman AD, Thomson MA, Davis DA, Haynes RB: No magic bul-
lets: a systematic review of 102 trials of interventions to
improve professional practice.  Cmaj 1995, 153:1423-1431.

69. Davis DA, Thomson MA, Oxman AD, Haynes RB: Evidence for the
effectiveness of CME. A review of 50 randomized controlled
trials.  Jama 1992, 268:1111-1117.

70. Oxman AD, Flottorp S: An overview of strategies to promote
implementation of evidence based health care.  In Evidence
Based Practice 2nd edition. Edited by: Silagy C and Haines A. London,
BMJ Books; 2001:101-109. 

71. Freemantle N, Harvey EL, Wolf F, Grimshaw JM, Grilli R, Bero LA:
Printed educational materials: effects on professional prac-
Page 11 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14973951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14973951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16175976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16175976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9240050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9240050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9240050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12374355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12374355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12374355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16089234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16089234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8900550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8900550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8900550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12585950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12585950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12585950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15708101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15708101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15708101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14983197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14983197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9250845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9250845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9250845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10447331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10447331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10447331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15967760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15967760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15967760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14702908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14702908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14702908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11052163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11052163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11052163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9116551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9116551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9116551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10403354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10403354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9552842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9552842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9552842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16034850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16034850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10479977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10479977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15865772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9078199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9078199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9078199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8009502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8009502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9270458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9270458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9270458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9360258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9360258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9360258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8648533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8648533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8648533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11264033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11264033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11264033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15282232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15282232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15282232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10555250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10555250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10555250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15297305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15297305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15297305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12183309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12183309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12183309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2104640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2104640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11583120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11583120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7585368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7585368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7585368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1501333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1501333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1501333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10796502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10796502


BMC Health Services Research 2006, 6:75 http://www.biomedcentral.com/1472-6963/6/75
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

tice and health care outcomes.  Cochrane Database Syst Rev
2000:CD000172.

72. Thomson O'Brien MA, Oxman AD, Davis DA, Haynes RB: Educa-
tional outreach visits: effects on professional practice and
health care.  In Cochrane Library Volume 4. Oxford, Update Software;
2001. 

73. Soumerai SB, McLaughlin TJ, Avorn J: Improving drug prescribing
in primary care: a critical analysis of the experimental liter-
ature.  Milbank Q 1989, 67:268-317.

74. Jamtvedt G, Young JM, Kristoffersen DT, Thomson O'Brien MA,
Oxman AD: Audit and feedback: effects on professional prac-
tice and health care outcomes.  Cochrane Database Syst Rev
2003:CD000259.

75. Campbell MK, Steen N, Grimshaw JM, Eccles M, Mollison J, Lombard
C: Design and statistical issues in implementation research.
In Changing Professional Practice Edited by: Thorsen T and Mäkelä M.
Chopenhagen, Danish Institute for Health Services Research and
Development; 1999. 

76. WHO: International Classification of Primary Care, Second
edition (ICPC-2).  2003.

77. Nor PD: The Norwegian Prescription Database. Oslo, Nor-
way: The Norwegian Institute of Public Health.  2005.

78. Fretheim A, Oxman AD, Treweek S, Bjorndal A: Rational Prescrib-
ing in Primary Care (RaPP-trial). A randomised trial of a tai-
lored intervention to improve prescribing of
antihypertensive and cholesterol-lowering drugs in general
practice [ISRCTN48751230].  BMC Health Serv Res 2003, 3:5.

79. WHO: The ATC/DDD system.  , WHO Collaborating Centre for
Drug Statistics Methodology; 2005. 

80. Gjelstad S, Sundene G, Lindbaek M: Unpublished data.  .
81. Donner A, Birkett N, Buck C: Randomization by cluster. Sample

size requirements and analysis.  Am J Epidemiol 1981,
114:906-914.

82. Vickers AJ, Altman DG: Statistics notes: Analysing controlled
trials with baseline and follow up measurements.  Bmj 2001,
323:1123-1124.

83. Straand J, Fetveit A, Rognstad S, Gjelstad S, Brekke M, Dalen I: Study
protocol: A cluster randomized educational intervention to
reduce inappropriate prescription patterns for elderly
patients in general practice - The Prescription Peer Aca-
demic Detailing (Rx-PAD) Study (NCT00281450).  BMC
Health Serv Res 2006, 6:72.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1472-6963/6/75/prepub
Page 12 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10796502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2698446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2698446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2698446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12917891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12917891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7315838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7315838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11701584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11701584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16764734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16764734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16764734
http://www.biomedcentral.com/1472-6963/6/75/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods/Design
	Discussion

	Background
	Objectives

	Methods/Design
	Participants
	Intervention
	Data handling
	Outcome measures
	Pilot study
	Recruitment and randomization
	Ethics and data security
	Sample size and statistics

	Discussion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

